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貝類アレルゲンの同定および抗原決定基の解析












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 1-1. Results 
f r om 
in ELISA performed 
8 species of shellfish 
uslng crud  ext r acts 
Species Protei n 
concentration 
of crude 
ex t rac t 
(mg/ml) 
Absorbance at 490um 
Concentration of protein ( /Lg/ml) 
3 1 .6 10 3.16 1 
Class Pelecypoda 
Tapes japonica 









S inonovacula constricta 
(Agemaki) 
Mytilus edulis 























( 276 ) 
0.121 
(181) 
















O. 1 10 
(200) 
O. 17 l 
(259) 
O. 1 65 
(217) 
O. I 09 
(404) 
0.270 
( I OOO) 
0.065 
(203 ) 






















* I (.Tapanese name) 



















































































































































































Table 2-1. Amino acid compositions of Cra gs 
Mol % 
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Fig. 2-1. Gel filtration of the crude extract on Sephacryl S-300. 
The crude extract of oyster was put on a Sephacryl 
S-300 column (2.5 x 95 cm), which was equilibrated 
with 0.01 M phosphate buffer (pH 7.0) containing O. 15 
M NaCl. Fractions of 10 ml were collected at a flow 
rate of 44 ml/hr. A bar with arrows indicates the 
allergenic fractions pooled. 
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Fig. 2-2. Ion-exchange FPLC of the allergenic fraction obtained by 
gel filtration. 
The allergenic fraction obtained by gel filtration (see 
Fig. 2-1) was chromatographed on a Mono Q HR 5/5 
column (0.5 x 5 cm). The column was eluted with a linear 
gradient (0.0-1.0 M in 45 min) of NaCl in 0.01 M Tris-
HCI buffer (pH 8.0). Fractions of I ml were collected at a 
constant flow rate of I ml/min. Bars indicate the Cra gs 1 
and 2 fractions pooled. 
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Fig. 2-3. Reverse-phase HPLC of the two allergenic fractions obtained 
by lon-exchange FPLC. 
The two allergenic fractions (Cra gs I and 2) obtained 
by ion-exchange FPLC (see Fig. 2-2) were separately 
subjected to a TSKgel Phenyl-5PW RP colurnn (0.46 x 7.5 
crn). Elution was performed with a gradient of 
acetonitrile in 0.1(~o TFA. The flow rate was maintained at 
0.5 ml/min. The peak containing Cra g I or Cra g 2 is 
indicated by an arrow. 
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Fig. 2-4. Allergenicitles of Cra gs I and 2. 
The allergenicities of Cra gs I and 2 were examined by 
ELISA. Patient sera were obtained from four subjects 
(Patients 1-4). Patients 1-3 were intolerant to both 
mollusks and crustaceans and Patient 4 was intolerant to 
only crustaceans. Control sera were obtained from three 
subjects (Control 1-3) without adverse reactions after 
ingestion of any seafood. A microtiter plate coated with 
Cra g I or 2 (100 ng/well) was incubated with each serum 























Fig. 2-5. Molecular mass estimation of Cra gs I and 2 by gel 
permeation HPLC. 
The molecular masses of native Cra gs I and 2 were 
estirnated by gel permeation HPLC using a TSKgel 
G3000SW column (0.75 x 30 cm). The column was 
eluted with 0.05 M phosphate buffer (pH 7.0) containing 
0.15 M NaCl at a constant flow rate of 0.5 ml/min. 
Thyroglobulin (669 kDa), ferritin (440 kDa) and 
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Fig. 2-6. SDS-PAGE of Cra. gs I and 2. 
Electrophoresis was performed on a PhastSystem using a 
PhastGel gradient 10-15 and buffer strips. Prior to 
electrophoresis, standard proteins (lanes I and 6), Cra g l 
(lanes 2 and 4) or Cra g 2 (lanes 3 and 5) were treated 
with 1% SDS in the absence (Ianes 1-3) or presence (lanes 
4-6) of I (~o 2- mercaptoethanol. Proteln bands were 
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Fig. 3-1. Reverse-phase HPLC of the peptides produced by digestion 
of CAM-Cra g I with lysylendopeptidase. 
Column, TSKgel ODS-120T (0.46 x 25 cm); elution, 
gr'adient of acetonitrile in 0.1% TFA; flow rate, I ml/min 
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Fig. 3-2. Comparison of the partial amino acid sequence of Cra g 1 
with the complete or partial amino acid sequences of 
tropomyosins. 
The aligned tropomyosins are from mussel Mytilus edulis, 
gastropod Haliotis rufescens, squid Todarodes paclficus (Tod p 1) 
and two species of shrimp, Metapenaeus ensis (Met e 1) and Penaeus 
indicus (Pen i 1). The denotations preceded with K represent th~ 
peptides isolated from the lysylendopeptidase digest of CAM-Cra g 1 
(see Flg. 3-1). The peptide K16 was a mixture of two peptides 
(K16-1 and K16-2). Three boxed sequences, positions 153-161 and 
50-66 in Pen i I and positions 92-105 in Cra g 1, are the positions 
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Fig. 3-3. Inhibition of the binding of lgE antibodies in Patient 1 
serum to immobilized Cra g I by Cra g 1, CAM-Cra g I and 
the lysylendopeptidase digest of CAM-Cra g 1. 
Inhibition was assayed by a competitive ELISA method. 
The serum (1 :25 dlluted) was pre-incubated for I hr with 
an equal volurne of various concentrations of each sample 
solution made in PBS before addition to the plate coated 
with Cra g I (100 ng/well). Sample concentrations are 
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Fig. 3-4. Inhibition of the binding of lgE antibodies in Patient 1 
serum to immobilized Cra g I by enzymatic fragments of 
CAM-Cra g I generated by lysylendopeptidase digestion. 
The serum (1:25 dilution) was pre-incubated for I hr 
with an equal volume of each peptide solution (1 Irg/ml) 
made in PBS before addition to the plate coated with Cra g 
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Fig. 3-5. Reverse-phase HPLC of the peptides produced by digestion 
of K21 with TPCK-trypsin. 
HPLC conditions as in Fig. 3-1. The amino acid 
sequences of K21 and the 5 peptides (K2la-e) generated 
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Fi g . 3 -6 . Inhibition of the binding of lgE antibodies in Patient 1 
serum to immobilized Cra g I by the tryptic fragments of 
K2 1 . 
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Fig. 4-1. Reverse-phase HPLC of the peptides produced by digestion 
of Cra g.2 with lysylendopeptidase. ' 
Column, TSKgel ODS-120T (0.46 x 25 cm); elution, 
gradient of acetonitrile in 0.1% TFA; flow rate, I ml/min 
Eighteen peaks were named K1 to K18 in the order of 
elution. 
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Fig. 4-3. Inhibition of the blnding of lgE antibodies in Patient 1 
serum to immobilized Cra g 2 by enzymatic fragments of Cra 
g 2 generated by lysylendopeptidase digestion. 
The serum (1:25 dilution) was pre-incubated for I hr 
with an equal volume of each peptide solution (1 /lg/ml) 
made in PBS before additlon to the plate coated with Cra g 
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Fig. 6-1. Gel filtration of the crude extract on Sephacryl S-300. 
The crude extract of gastropod was put on a Sephacryl 
S-300 column (2.5 x 95 cm), which was equilibrated with 
0.01 M phosphate buffer (pH 7.0) containing 0.15 M NaCl. 
Fractions of 10 ml were collected at a flow rate of 17 
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Fig. 6-2. Ion-exchange FPLC of the allergenic fraction obtained by 
gel filtration. 
The allergenic fraction obtained by gel filtration (see 
Fig. 6-1) was chromatographed on a Mono Q HR 5/5 
column (0.5 x 5 cm). The column was eluted with a linear 
gradient (0.0-1.0 M in 45 min) of NaCl in 0.01 M 
Tris-HCI buffer (pH 8.0). Fractions of I ml were 
collected at a constant flow rate of I ml/min. A bar with 
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Fig. 6-3. Reverse-phase HPLC of the allergenic fraction obtained by 
Ion-exchange FPLC. 
The allergenic fraction obtained by ion-exchange FPLC 
(see Fig. 6-2) was subjected to a TSKgel Phenyl-5PW RP 
column (0.46 x 7.5 cm). Elution was performed with a 
gradient of acetonitrile in 0.1% TFA. The flow rate was 
maintained at 0.5 ml/min. The peak containing Tur c I is 
indicated by an arrow. 
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Fig. 6-4. Allergenicities of Tur c I and Cra g 1. 
The allergenicities of Tur c I and Cra g I were 
examined by ELISA. Patient sera were obtained from 
four subjects (Patients 1-4). Patients 1-3 were intolerant to 
both mollusks and crustaceans and Patient 4 was intolerant 
to only crustaceans. Control sera were obtained from two 
subjects (Control I , 2) without adverse reactions after 
ingestion of any seafood. A microtiter plate coated with 
Tur c I or Cra g I (100 ng/well) was incubated with each 
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Fig. 6-5. SDS-PAGE of Tur c I . 
Electrophoresis was performed on a PhastSystem using a 
PhastGel gradlent 10-15 and buffer strips. Prior to 
electrophoresis, standard proteins (lanes I and 4) and Tur 
c I (lanes 2 and 3) were treated with I % SDS in the 
absence (lanes I and 2) or presence (lanes 3 and 4) of 5% 
dithiothreitol. Protein bands were vlsualized with 
Coomassie Brilliant Blue R-250. 
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Fig. 6-6. Reverse-phase HPLC of the peptides produced by digestion 
of CAM-Tur c I with lysylendopeptidase. 
Column. TSKgel ODS-120T (0.46 x 25 cm); elution, 
gradient of acetonitrile in O. I (~o TFA; flow rate, I ml/min. 
Twenty-four peaks were named K1 to K24 in the order of 
elution. 
-9 1 -













5 7 l' 9 10 
34 8 11 / 
 
/ 










o lo Zo 30 40 50 60 70 80 90 Ioollo 
Retention tfme (min) 
~ Zo 
eo 
~ ~~~oo ~ (L) 
~5 
c 40 o p (L) u (1: 
Y-O c O ~ CQZO ~5 
c (v u c o (J 
o 
Fig. 6-7. Reverse-phase HPLC of the peptides produced by digestion 
of maleyl-Tur c I with TPCK-trypsin. 
HPLC conditions as in Fig. 6-6. Eighteen peaks were 
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Fig. 6-8. Comparlson of the partial amino acid sequence of Tur c 1 
with the complete or partial amino acid sequences of 
tropomyosins. 
The aligned tropomyoslns are from gastropod Haliotis rufescens, 
oyster Crassostrea gigas (Cra g I ), mussel Myttlus edulis, squid 
Todarodes paclficus (Tod p 1) and two species of shrimp, 
Metapenaeus ensis (Met e 1) and Penaeus indicus (Pen i I ). The 
denotations preceded with K represent the peptides isolated from the 
lysylendopeptidase digest of CAM-Tur c I (see Fig. 6-6) and 
preceded with MT represent the peptides isolated from the tryptic 
digest of maleyl-Tur c I (Fig. 6-7). Three boxed sequences are the 





















0.001 0.01 O. 1 1 10 100 1000 10000 
Inhibitor concentration (ng/ml) 
Fig. 6-9. Inhibition of the binding of lgE antibodies in Patient 1 
serum to immobillzed Tur c I by Tur c I and the 
lysylendopeptidase digest of CAM-Tur c I . 
Inhibition was assayed by a compe~itive ELISA method. 
The serum (1:25 diluted) was pre-incubated for I hr with 
an equal volume of various concentrations of each sample 
solution made in PBS before addition to the plate coated 
with Tur c I (lOO ng/well). Sample concentrations are 
expressed as those in pre-incubation mixture. 
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Fig. 6-10. Inhibition of the binding of lgE antibodies in Patient 1 
serum to immobilized Tur c I by enzymatic fragments of 
CAM-Tur c I generated by lysylendopeptidase digestion. 
The serum (1:25 dilution) was pre-incubated forl hr 
with an equal volume of each peptide solution (1 pglml) 
made in PBS before addition to the plate coated with Tur 
c I (100 ng/well). . 
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Fig. 6-1 1. Inhibition of the binding of lgE antibodies in Patient 1 
serum to immobilized Tur c I by enzymatic fragments of 
maleyl-Tur c I generated by tryptic digestion. 
The serum (1:25 dilution) was pre-incubated for I hr 
with an equal volume of each peptide solution (1 jlglml) 
made in PBS before addition to th~ plate coated with Tur 





































































































































































































































































































































ldentification of shellfish allergens and analysis of their 
lgE-binding epitopes 
In recent years, food allergy, especially lgE-mediated type I food 
hypersensitivity, is frequently observed in infants and children. Food allergy is 
thought to depend on eating habits, Iiving surroundings, and physical and 
genetic constitutions. In Japan, soybean, rice, wheat, chicken egg, and cow's 
milk are well-known to be "five common allergenic foods" and hence the 
isolation, characterization, and lgE-binding epitope (antigenic determinant for 
B cell) determination of allergens have been mainly focused on these foods. 
Besides agricultural and livestock foods, seafood is ranked as one of allergenic 
foods in coastal countries including Japan, but available information about 
seafood allergens is limitec to some species. Parvalbumin was isolated as the 
major allergen from some kinds of fish and tropomyosin from squid as well as 
shrimps. This study ylas undertaken to isolate shellfish allergens, which had not 
been reported in detail to date, and to clarify their physicochemical and 
immunological properties, with special reference to their lgE-binding epitopes. 
In chapter I , eight species of shellfish (seven bivalves and one gastropod) 
were screened for their aller genicity by enzyme-linked immunosorbent assay 
(ELISA) using the serum from a crustacean and mollusk-sensitive subject. The 
serum from a subject without adverse reactions after ingestion of any seafood 
was simultaneously used as a control. As a result, the allergens immunoreacted 
with lgE antibodies in the sensitized serum were commonly found in all 
shellfish but their reactivities varied from species to species. 
In chapter 2, aller gens of the oyster Crassostrea gigas which showed high 
reactivity in the screening were purified by gel filtration, anion-exchange fast 
protein liquid chromatography (FPLC), and reverse-phase high performance 
liquid chromatography (HPLC). Throughout the purification procedure, the 
allergens were traced by ELISA using the sensitized serum. Although the 
purified major allergens, designated as Cra g I and Cra g 2, were separable 
- 
from each other by anion-exchange FPLC, they were quite similar to each 
other as to molecular mass ･ determined by SDS-polyacrylamide gel 
electrophoresis (SDS-PAGE), amino acid composition, and reactivity against 
the sensitive sera in ELISA. Their physicochemical properties suggested that 
both Cra gs are the tropomyosin. 
In chapter 3. Cra g I was hydrolyzed with lysylendopeptidase and 21 
peptide fragments (K1-2 1) were isolated from the hydrolysate by reverse-phase 
HPLC for the determination of amino acid sequence and lgE-binding epitopes. 
Based on the determined partial amino acid sequence, Cra g I was identified as 
tropomyosin. In competitive ELISA experiments, the peptide K21 was found to 
exhibit the highest inhibitory ability against the binding of Cra g I to lgE 
antibodies in the sensitized serum. Further tryptic digestion of K21 afforded 
~ the peptide K2 Id (921QLLEEDMERSEERIO which showed the inhibitory 
ability equivalent to that of K21. Thus, the peptide K2ld was judged to contain 
an lgE-binding epitope of. Cra g 1. This was distinguishable from the two 
lgE-binding epitopes (50MQQLENDLDQVQESLLK66 and 153FLAEEADRK161) 
proposed for the shrimp Penaeus indicus allergen Pen i 1. In addition, the 
amino acid sequence corresponding to the peptide K2ld was not identified in 
Pen i 1. 
In chapter 4. Cra g 2 was subjected to the lysylendopeptidase digestion as 
in the case of Cra g I and 18 peptide fragments (K1-18) were isolated by 
reverse-phase HPLC. The amino acid sequences determined for the three 
peptides revealed that Cra g 2 has the same amino acid sequences at positions 
77-112 and 190-205 as Cra g I and at positions 206-233 as the tropomyosin 
from the gastropod Hdiotis rufescens. Competitive ELISA inhibition 
experiments demonstrated that the peptide K18, which was completely identical 
with K21 of Cra g 1, exhibited the highest inhibitory ability. These results 
proved that Cra g 2 is tropomyosin, being an isomer of Cra g I and that the 
lgE-binding epitope proposed for Cra g I is entirely conserved in Cra g 2. 
In chapter 5, the four peptides of 12 residues containing a part of the 
lgE-binding epitope of Cra gs and overlapping with each other by three 
residues were synthesized. The ability of each synthesized peptide to bind to the 
- 
Cra g I specific lgE antibodies in the sensitized serum was determined by 
competitive ELISA method. The results revealed that the C-terminal portion of 
K2ld was essential for the binding between specific lgE antibodies and Cra gs. 
In chapter 6, the gastropod Turbo cornutus which is taxonomically remote 
from the oyster was used as a sample. The major allergen (designated as Tur c 
1) of T. cornutus was extracted and purified by gel filtration, anion-exchange 
FPLC, and reverse-phase HPLC. Tur c I was similar to Cra gs with respect to 
molecular mass and amino acid composition. Amino acid sequence analyses of 
the peptide fragments generated frorn Tur c I by digestion with either 
lysylendopeptidase or trypsin demonstrated that Tur c 1, Iike Cra gs, is the 
tropomyosin having the high homology with those from other shellfish. From 
the results in competitive ELISA inhibition experiments of the tryptic 
fragments, one of the lgE-binding epitopes of Tur c I was suggested to be 
located in the C-terminal region. On the other hand, the segments of Tur c 1 
corresponding to the lgE-ipinding epitopes proposed for Pen i I and Cra gs 
were not effective in competitive ELISA inhibition analyses. Comparison of the 
amino acid sequence at positions 92-105 between Tur c I and Cra gs suggested 
that the segrnent 102SEERI05 is critical for the lgE-binding epitope 
(921QLLEEDMERSEERI05) of Cra gs. 
This thesis is the first concerning the isolation and identification of 
shellfish allergens. Although tropomyosins appear to represent nonfish 
common seafood allergens, it is interesting that there are significant differences 
in the lgE-binding epitopes between shellfish and shrimp tropomyosins and 
even among shellfish tropomyosins. In order to evaluate in more detail the 
allergenicity of tropomyosins, further attempts to isolate them from various 
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